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(54) Ink jet recording apparatus 

(57) The present invention relates to an ink jet 
recording apparatus in which a driving signal generating 
member (20) for generating a first signal for drawing a 
meniscus at a nozzle aperture (9) by smaller force as 
ambient temperature rises, a second signal for contract- 
ing a pressure generating chamber (2) and ejecting an 
ink droplet and a third signal for restoring the contracted 
pressure generating chamber (2) after an ink droplet is 
ejected by a larger drawing force as ambient tempera- 
ture rises is provided. The speed at which the meniscus 



is moved toward the nozzle aperture (9) is prevented 
from decreasing by setting force for drawing the menis- 
cus before an ink droplet is ejected when the tempera- 
ture falls to a large value and the delay of filling the 
pressure generating chamber (2) with ink is prevented 
by setting the force for drawing the meniscus after an ink 
droplet is ejected to a small value and damping the 
residual vibration of the meniscus utilizing an attenua- 
tion by increasing the viscosity of ink. 
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Description 

The present invention relates to an ink jet recording 
head using a piezoelectric vibrator as a driving source. 

There has been known a conventional ink jet s 
recording head for sucking ink and ejecting ink droplets 
by expanding or contracting a pressure generating 
chamber partly constituted by an deformable plate 
which communicates with a nozzte aperture by a piezo- 
electric vibrator. The conventional ink jet recording head 10 
suffers from a problem that the quantity of ink in an 
ejected ink droplet is greatly influenced by the change of 
the viscosity due to the change of temperature because 
an ink droplet is ejected by pressure. That is, the quan- 
tity of ink increases as temperature rises as shown in is 
Fig. 16 and the quality of printing is varied. 

In view of the afore-mentioned problem, there has 
been proposed a driving technique for fixing the quantity 
of ink by changing the rate of the contraction of a pres- 
sure generating chamber according to ambient temper- 20 
ature and adjusting the magnitude of a signal applied to 
a piezoelectric vibrator and variable acceleration when 
an ink droplet is ejected to temperature. 

Hereby, the quantity of ink in an ink droplet can be 
held so that it is fixed independent of temperature by 25 
changing the level of a signal applied to a head accord- 
ing to temperature. However, as the speed and quantity 
of the contraction of a pressure generating chamber 
come to vary, the speed and stability of the ejecting of 
ink droplets are readily deteriorated particularly in print- 30 
ing requiring the formation of a minute dot such as 
graphic data. Therefore, there still arises a problem that 
the speed of the ejecting of ink droplets is deteriorated 
and unstable and the quality and the stability of printing 
are deteriorated. 35 

To solve such deficiency, there has been proposed, 
as disclosed in Unexamined Japanese Patent Applica- 
tion No. Hei. 9-309206, another ink jet recording appa- 
ratus which is provided with an ink jet recording head 
made of nozzle apertures, a pressure generating cham- 40 
ber communicating with a common ink chamber via an 
ink supply port and a piezoelectric vibrator for expand- 
ing or contracting the pressure generating chamber and 
signal generating means for generating a first signal for 
expanding the pressure generating chamber depending 45 
upon the change of potential from intermediate potential 
at which voltage from reference potential varies 
depending upon temperature to the reference potential, 
a second signal generated for raising the potential from 
the reference potential to the maximum voltage for con- so 
tracting the pressure generating chamber to eject an ink 
droplet and a third signal for restoring the contracted 
pressure generating chamber after an ink droplet is 
ejected for holding the weight of on ink droplet and the 
speed of ejection fixed independent of temperature by ss 
setting the intermediate potential to a higher value when 
temperature rises. 

However, such proposed apparatus still causes 



another problem that it is difficult to control the position 
of a meniscus based upon temperature, that is, the vis- 
cosity of ink. 

Therefore, there is a problem that a range in which 
the quantity of ink in an ink droplet which can eject in 
stable is adjusted is small and, particularly, it is difficult 
to form a small dot suitable for graphic printing inde- 
pendent of temperature. 

The present invention was made in view of such dif- 
ficulties and it is an object of the invention to provide an 
ink jet recording apparatus which enables forming in 
stable a dot in minute size by relatively simple control. 

Another object of the present invention is to provide 
an ink jet recording apparatus which enables forming in 
stable dots in plural sizes. 

To solve this object the present invention provides 
an ink jet recording apparatus as specified in claim 1. 
Preferred embodiments of the invention are described 
in the subclaims. The claims are intended to be under- 
stood as a first non-limiting approach for defining the 
invention in general terms. 

The foregoing and other objects can be achieved by 
a provision of an ink jet recording head which, according 
to the present invention, includes nozzle apertures, a 
pressure generating chamber communicating with a 
common ink chamber and pressure generating member 
for expanding or contracting the pressure generating 
chamber and driving signal generating member for gen- 
erating a first signal for drawing a meniscus at the noz- 
zle apertures in by small force as ambient temperature 
rises, a second signal for contracting the pressure gen- 
erating chamber and ejecting ink droplets and a third 
signal for restoring the contacted pressure generating 
chamber by large drawing force as ambient temperature 
rises after ink droplets eject. 

The delay of filling the pressure generating cham- 
ber with ink is prevented by preventing the speed of the 
movement of a meniscus to a nozzle aperture from 
being reduced by increasing force for drawing the 
meniscus before ink droplet is ejected in when temper- 
ature falls and preventing the residual vibration of the 
meniscus utilizing attenuation due to increasing the vis- 
cosity of ink by reducing force for drawing the meniscus 
after an ink droplet is ejected in. 

Further details and advantages of the invention are 
apparent from the following detailed description in con- 
junction with the drawings wherein: 

Fig. 1 is a sectional view showing an embodiment 
of an ink jet recording head used for an ink jet 
recording apparatus according to the present inven- 
tion; 

Fig. 2 is a block diagram showing an embodiment of 
signal generating means according to the present 
invention; 

Fig. 3 is a waveform drawing showing an embodi- 
ment of a signal in the ink jet recording apparatus; 
Fig. 4 shows the behavior of a meniscus in the 
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vicinity of a nozzle aperture; 
Fig. 5 is a chart showing relationship between out- 
side air temperature and intermediate potential Vc 
using dot size to be formed as a parameter; 
Fig. 6 is a chart showing the displacement of the s 
meniscus when temperature is low in case a large 
dot is formed in the ink jet recording apparatus; 
Rg. 7 is a chart showing the displacement of the 
meniscus at the normal temperature in case a large 
dot is formed in the ink jet recording apparatus; 10 
Fig. 8 is a chart showing the displacement of the 
meniscus when temperature is high in case a large 
dot is formed in the ink jet recording apparatus; 
Fig. 9 is a chart showing the displacement of the 
meniscus when temperature is low in case a small 
dot is formed in the ink jet recording apparatus; 
Fig. 10 is a chart showing the displacement of the 
meniscus at the normal temperature in case a small 
dot is formed in the ink jet recording apparatus; 
Fig. 1 1 is a chart showing the displacement of the 
meniscus when temperature is high in case a small 
dot is formed in the ink jet recording apparatus; 
Fig. 12 shows another embodiment of the present 
invention in the form of the waveform of a driving 
signal; 

Fig. 13 is a sectional view showing an embodiment 
of another type of ink jet recording head to which 
the driving technique of the present invention can 
be applied; 

Fig. 14 is a waveform drawing showing the driving 
method of a conventional type ink jet recording 
apparatus; 

Figs. 15A and 15B respectively show the displace- 
ment of the meniscus when temperature is low and 
when temperature is high by a conventional type 
driving method; and 

Fig. 16 is a graph showing a variation of ink weight 
with respect to ink temperature. 

Preferred embodiments of the present invention will 
now be described below with reference to accompany- 
ing drawings. 

Fig. 1 shows an embodiment of an ink jet recording 
head to which the present invention is applied and the 
structure of the vicinity of a pressure generating cham- 
ber in one actuator unit. 

As shown in Rg. 1 , a first cover 1 is constituted by a 
thin plate made of zirconia (Zr0 2 ) approximately 9 nm 
thick, driving electrodes 3 are formed on the surface so 
that the electrodes are respectively opposite to pres- 
sure generating chambers 2 and piezoelectric vibrators 
4 made of PZT and others are respectively fixed to the 
surface. 

A spacer 5 is constituted by making a through hole 
in a ceramic plate with thickness suitable to form each 
pressure generating chamber 2, 150 nm thick for exam- 
ple such as zirconia and forms each pressure generat- 
ing chamber 2 with its both faces sealed by a second 



cover 6 described later and the first cover 1 . Each pres- 
sure generating chamber 2 is expanded or contracted 
by the flexural oscillation of each piezoelectric vibrator 
4, absorbs ink in each common ink chamber 8 via each 
ink supply port 7 and ejects ink droplets from each noz- 
zle aperture 9. 

The second cover 6 is constituted by making holes 
10 communicating with a nozzle which communicate 
with each nozzle aperture at end of each pressure gen- 
erating chamber 2 on the opposite side and communi- 
cating holes 1 1 respectively communicating with the ink 
supply ports 7 outside in a ceramic plate such as zirco- 
nia. 

An ink supply port forming substrate 12 is consti- 
tuted by making holes 13 communicating with a nozzle 
connected to each nozzle aperture 9 on the central side 
of each pressure generating chamber 2 and the above 
ink supply ports 7 for connecting and the above ink sup- 
ply ports 7 for respectively connecting the common ink 
chambers 8 and the pressure generating chambers 2 
outside. 

A common ink chamber forming substrate 14 is 
constituted by making communicating holes respec- 
tively corresponding to the form of the common ink 
chambers 8 and communicating holes 15 respectively 
communicating with the nozzle apertures 9 outside in a 
plate provided with corrosion resistance and rigidity 
such as stainless steel with the thickness suitable to 
form the common ink chambers 8, for example 150 um 
thick. 

A nozzle plate 16 is constituted by forming plural 
rows of nozzle apertures 9, in two rows in this embodi- 
ment. A flexible cable 1 7 respectively supplies a signal 
from an external circuit to the piezoelectric vibrators 4. 

Rg. 2 shows one example of a drive unit for driving 
the above head 18. A driving signal generating meter 20 
generates a first signal (1), a second signal (2) and a 
third signal (3) shown in Fig. 3. The first signal (1) per- 
forms to lower the potential from intermediate potential 
Vc to the reference potential Vs. As shown in Fig. 3, the 
potential difference between the intermediate potential 
Vc and the reference potential Vs is changed by temper- 
ature detecting member 21 described later. The second 
signal (2) is generated for raising the potential from the 
reference potential Vs to the maximum potential Vh for 
ejecting inkdroplets. The third signal (3) is generated for 
lowering the potential from the maximum potential Vh to 
the intermediate potential Vc for expanding the con- 
tracted pressure generating chamber 2 until it is 
restored and filling the pressure generating chamber 2 
with ink from the common ink chamber 8. 

The maximum potential Vh and the intermediate 
potential Vc are controlled based upon temperature 
reported from the temperature detecting means 21 and 
the maximum potential Vh is adjusted to a dot to be 
forced by printing mode discriminating means 22. 

The intermediate potential Vc is set, as shown in 
Fig. 3, so that the intermediate potential is lower as out- 
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side air temperature rises, that is. it is a higher value Vd 
than a value Vcm at ordinary temperature when outside 
air temperature is low and so that the intermediate 
potential is a lower value Vch than at ordinary tempera- 
ture when outside air temperature is high. The interme- 
diate potential Vcm at ordinary temperature is set so 
that it is the quantity of ink in a droplet is an optimum 
value for printing. 

In such constitution, when a printing signal is input 
from an external device, the piezoelectric vibrator 4 
charged at the intermediate potential Vc beforehand 
discharges according to the first signal (1), that is. by 
potential difference between the intermediate potential 
Vc and the reference potential Vs and expands the 
pressure generating chamber 2 by quantity equivalent 
to the intermediate potential Vc. Hereby, a meniscus is 
drawn in on the side of the pressure generating cham- 
ber 2 by quantity L equivalent to the quantity in which 
the pressure generating chamber is expanded from the 
nozzle aperture 9 as shown in Fig. 4. 

When the application of the first signal (1) is com- 
pleted and predetermined time t1 elapses, the second 
signal (2) for raising the potential from the reference 
potential Vs to the maximum potential Vh is output, the 
piezoelectric vibrator 4 is charged and the pressure 
generating chamber 2 is contracted. 

When the second signal (2) is applied, the direction 
of the movement of a meniscus once drawn in on the 
side of the pressure generating chamber 2 by the first 
signal (1) is inverted on the side of the nozzle aperture 
and the meniscus is returned to a position suitable for 
printing. As of course, the quantity of ink in an ink drop- 
let greatly depends upon distance AL shown in Fig. 4 
between the meniscus and the nozzle aperture, an ink 
droplet with the quantity of ink adjusted to the distance 
L is ejected from the nozzle aperture toward a recording 
medium at speed based upon potential difference 
between the reference potential Vs and the maximum 
potential Vh. The distance AL can be freely set by 
adjusting time t1 from time at which the potential is low- 
ered to the reference potential Vs by the first signal (1) 
till time at which the second signal (2) is applied. 

After an ink droplet is ejected, the third signal (3) 
generated for lowering the potential from the maximum 
potential Vh to the intermediate potential Vc is applied 
to the piezoelectric vibrator 4 and the pressure generat- 
ing chamber 2 is expanded by quantity equivalent to the 
potential difference "Vh - Vc" by discharging the piezoe- 
lectric vibrator 4. Hereby, a meniscus which starts to be 
vibrated in the nozzle aperture together with the eject- 
ing of an ink droplet is drawn back on the side of the 
pressure generating chamber. 

As the expansion of the pressure generating cham- 
ber 2 simultaneously draws ink into the pressure gener- 
ating chamber 2 from the common ink chamber 8 via 
the ink supply port 7, the meniscus being drawn back on 
the side of the pressure generating chamber is promptly 
returned to the nozzle aperture 9 by the above drawing 



in of ink without being drawn excessively. 

After the application of the third signal (3) is com- 
pleted, the piezoelectric vibrator 4 is ready for next print- 
ing with it charged at the intermediate potential Vc. The 
5 above processes are repeated and ink droplets are 
ejected. 

If outside air temperature falls from ordinary tem- 
perature, the driving signal generating member 20 sets 
the intermediate potential Vc based upon a signal from 

w the temperature detecting member 21 so that the inter- 
mediate potential Vc has a higher value Vol than the 
intermediate potential Vcm at ordinary temperature. 

When a printing signal is input in the above state, 
the first signal (1) for lowering the potential from the 

is intermediate potential Vcl set so that the intermediate 
potential Vcl is higher than the intermediate potential at 
ordinary temperature to the reference potential Vs is 
applied to the piezoelectric vibrator 4 and the pressure 
generating chamber 2 is expanded so that it has larger 

20 volume than at the normal temperature. 

Hereby, even rf the viscosity of ink in the pressure 
generating chamber 2 and at the nozzle aperture 9 
increases because temperature falls, a meniscus is 
drawn on the side of the pressure generating chamber 

25 by stronger force than at the normal temperature, the 
increased quantity of fluid resistance due to the 
increase of the viscosity is offset and the drawn quantity 
from the nozzle aperture 9 is approximately equal to 
quantity at the normal temperature. 

30 When predetermined time tl elapses, the driving 
signal generating member 20 outputs the second signal 
(2) for raising the potential from the reference potential 
Vs to the maximum potential Vh so as to contract the 
pressure generating chamber 2. At this time, as the 

35 meniscus once drawn into the pressure generating 
chamber 2 moves toward the nozzle aperture 9 and 
reaches a position suitable for printing, an ink droplet 
with the quantity of ink adjusted to the distance AL 
between the meniscus and the nozzle aperture 2 is 

40 ejected and therefore, the ink droplet is ejected toward 
a recording medium at approximately the same speed 
as speed at ordinary temperature. Hereby, an ink drop- 
let is ejected toward a recording medium with the same 
positional precision as at ordinary temperature and 

45 forms a dot without being blurred due to the variation of 
speed and others. 

When the application of the second signal (2) is 
completed and predetermined time t2 elapses, the driv- 
ing signal generating member 20 outputs the third sig- 

50 nal (3) for lowering the potential from the maximum 
potential Vh to the intermediate potential Vd to the pie- 
zoelectric vibrator 4. As described above, as the inter- 
mediate potential Vd is set so that it is higher than the 
intermediate potential Vcm at ordinary temperature 

55 when temperature is low, the potential difference by the 
third signal (3) is smaller than at ordinary temperature 
and therefore, the quantity of the expansion of the pres- 
sure generating chamber 2 is also reduced than at the 
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normal temperature. 

Hereby, force for drawing a meniscus at the nozzle 
aperture 9 on the side of the pressure generating cham- 
ber is smaller than at ordinary temperature and the 
residual vibration of the meniscus is promptly damped 
because of the increase of fluid resistance by the 
increase of the viscosity of ink without drawing the 
meniscus the viscosity of which increases because tem- 
perature falls into the pressure generating chamber 2 in 
vain. 

As pressure by the expansion of the pressure gen- 
erating chamber 2 integrally acts on the ink supply port 
7 by the prompt static stoppage of the meniscus, ink in 
the common ink chamber 8 promptly flows into the pres- 
sure generating chamber 2 via the ink supply port 7 and 
the pressure generating chamber 2 is securely and 
promptly filled with ink in quantity required for next print- 
ing. 

The above replenishment of the pressure generat- 
ing chamber 2 with ink for a short time is extremely 
effective to execute high-speed printing in a printing 
mode in which multiple minute dots such as graphic 
data particularly are required to be printed in high den- 
sity. 

That is. when next printing operation is started in a 
state in which the pressure generating chamber 2 is not 
sufficiently replenished with ink, there is a problem that 
not only the quantity of ink in an ink droplet decreases 
but ejecting speed rapidly decreases due to the deterio- 
ration of inertia! force due to the decrease of the weight 
of an ink droplet, a ejected position disperses and print- 
ing quality is deteriorated. 

To solve such a problem, normally, the pressure 
generating chamber 2 has only to be let alone until it is 
filled with ink, however, a cycle in which a driving signal 
for ejecting an ink droplet is applied is extended and 
printing speed is decreased. 

In the meantime, if outside air temperature is high 
and the viscosity of ink is deteriorated, compared with 
that at the normal temperature, the driving signal gener- 
ating member 20 sets the intermediate potential Vc to a 
lower value Vch than at ordinary temperature based 
upon a signal from the temperature detecting member 
21 . When a printing signal is input in this state, the first 
signal (1) from the driving signal generating member 20 
is applied to the piezoelectric vibrator 4 charged to the 
intermediate potential Vch beforehand. Hereby, the 
pressure generating chamber 2 is expanded so that it 
has smaller volume than at ordinary temperature. 

In the meantime, as the viscosity of ink is 
decreased due to high temperature and the fluid resist- 
ance of a meniscus decreases, the meniscus is drawn 
on the side of the pressure generating chamber to the 
same decree as at the normal temperature though the 
pressure generating chamber 2 is expanded smaller. 

When predetermined time tl elapses, the driving 
signal generating member 20 outputs the second signal 
(2) for raising the potential from the reference potential 



Vs to the maximum potential Vh, contracts the pressure 
generating chamber 2 and ejects an ink droplet from the 
nozzle aperture 9. 

The meniscus after the ink droplet is ejected is 

5 vibrated at large amplitude by quantity in which the vis- 
cosity decreases. The driving signal generating mem- 
ber 20 outputs the third signal (3) when predetermined 
time elapses, that is, the meniscus is inverted on the 
side of the nozzle aperture. As the third signal (3) is 

io related to potential difference between the intermediate 
potential Vch set so that it is lower than at ordinary tem- 
perature and the maximum potential Vh, the pressure 
generating chamber 2 is expanded when the meniscus 
directed toward the nozzle aperture 9 is drawn in so that 

is the pressure generating chamber is larger than at ordi- 
nary temperature. Hereby, the meniscus directed 
toward the nozzle aperture 9 is drawn on the side of the 
pressure generating chamber by strong force, the vibra- 
tion is securely damped and a satellite is securely pre- 

20 vented from being generated in the meniscus with large 
amplitude. 

That is, as the quantity of the expansion of the pres- 
sure generating chamber 2 after an ink droplet is 
ejected is adjusted by changing the intermediate pot en - 

25 tial Vc corresponding to ambient temperature, that is, 
the viscosity of ink and next printing is prepared by 
adjusting the amplitude of the residual vibration of the 
meniscus and force for drawing the meniscus in corre- 
sponding to the viscosity of ink, an ink droplet can be 

30 stably ejected without generating a satellite independ- 
ent of the change of temperature. 

An example of the operation of the recording appa- 
ratus according to the present invention in case the 
quantity of ink in an ink droplet, that is, the size of a dot 

35 is changed and the selected size is held independent of 
the change of temperature will be further described. 

Fig. 5 shows the ratio of the intermediate potential 
Vc depending upon temperature in a driving signal set 
by the driving signal generating means 20 to the maxi- 

40 mum potential Vh using dot size as a parameter. 

If a large dot is to be formed as shown by A in Rg. 
5, the degree (the incline) of the change of the interme- 
diate potential Vc for temperature is set so that it is large 
and if a small dot is to be formed as shown by B in Rg. 

45 5, the degree (the incline) of the change of the interme- 
diate potential Vc for temperature is set so that it is 
small. The value of the intermediate potential Vc if a 
large dot is to be forced is set so that it is lower than if a 
small dot is to be formed. 

so A driving signal output from the driving signal gen- 
erating member 20 is controlled by the printing mode 
discriminating means 22 so that the recording appara- 
tus is operated in a printing mode specified by a printing 
signal input from an external device. 

55 As described above, as potential difference 
between the reference potential Vs and the intermedi- 
ate potential Vc is set to a small value and the degree of 
the change for temperature is set to a targe value by 
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individually setting the magnitude of the intermediate 
potential Vc and the degree of the change for tempera- 
ture according to the size of a dot to be formed in case 
an image is printed by large dots, the meniscus after an 
ink droplet is ejected can be promptly returned on the 5 
side of the nozzle aperture and the pressure generating 
chamber 2 can be promptly filled with ink as shown in 
Fig. 6 when temperature is low and the large vibration of 
the meniscus after an ink droplet is ejected can be 
securely damped as shown in Fig. 8 when temperature 
is high. Fig 7 shows the motion of the meniscus at ordi- 
nary temperature. 

In the meantime, H the intermediate potential Vc is 
adjusted to a low value corresponding to temperature 
when temperature is low and adjusted to a high value 
when temperature is high as in a conventional type driv- 
ing method shown in Fig. 14. time tr in which the menis- 
cus after an ink droplet is ejected is returned is 
extended as shown in Fig. 15A when temperature is low 
and printing speed decreases. 

When temperature is high, the returned time tr 1 is 
reduced as shown in Fig. 15B. however, the quantity d in 
which the meniscus protrudes from the nozzle aperture 
increases and a problem that an unnecessary ink drop- 
let such as a satellite is ejected occurs. 

In the meantime, as the intermediate potential Vc is 
set to a higher value, compared with a case that a large 
dot is formed if an image is printed by small dots, the 
quantity of the expansion of the pressure generating 
chamber 2 according to the first signal (1) is large and 
therefore, the meniscus is largely drawn on the side of 
the pressure generating chamber 2 as shown in Figs. 9 
to 1 1 (dsl, dsm and dsh). As a small quantity of ink drop- 
let is ejected by pressurizing the pressure generating 
chamber 2 according to the second signal (2) in addition 
to the motion of the meniscus, an ink droplet can be 
ejected at speed suitable for printing even if the maxi- 
mum potential Vh is set to a low value. 

That is, as the driving signal generating means 20 
applies the second signal (2) for ejecting an ink droplet 
to the piezoelectric vibrator 4 when the vibration of the 
meniscus drawn in according to the first signal (1) is 
switched to the movement toward the nozzle aperture 9, 
an ink droplet is ejected by pressurization upon ink by 
the contraction of the pressure generating chamber 2 
and the motion of the meniscus itself at higher speed 
than a case that an ink droplet is ejected only by pres- 
surization upon the pressure generating chamber 2. 

As inertial force is small and the deceleration when 
an ink droplet is ejected increases, compared with a 
case that a large dot is formed because the quantity of 
ink in an ink droplet for forming a small dot is small, the 
driving signal generating member 20 compensates the 
decrease of ejection speed by setting the intermediate 
potential Vc to a larger value, compared with a case that 
a large dot is formed as shown in Fig. 5, in the mean- 
time, the driving signal generating means sets the quan- 
tity compensated for temperature of the quantity of the 



expansion of the pressure generating chamber 2 
according to the first signal (1) for the change of temper- 
ature to a smaller value, compared with a case that an 
ink droplet with large quantity of ink is ejected by setting 
the quantity of the change of potential difference 
between the reference potential Vs and the intermedi- 
ate potential Vc for the change of temperature, that is. 
the incline for temperature to a small value, the restora- 
tion of the meniscus particularly when temperature is 
low is prevented from delaying and speed at which the 
pressure generating chamber is filled with ink is pre- 
vented from decreasing. 

That is, if the setting of the intermediate potential 
Vc is too high when temperature is low in case small dot 
is formed, the meniscus is too largely drawn on the side 
of the pressure generating chamber according to the 
first signal, the motion of the meniscus is prevented 
when the meniscus is inverted toward the nozzle aper- 
ture 9 after the meniscus is drawn according to the first 
signal (1) also because the viscosity of ink is increased 
because of low temperature and blurring may occur 
when an ink droplet is ejected. 

To avoid such problem, experiments are made, var- 
ying the value of the intermediate potential Vc and as a 
result, when the intermediate potential Vc is varied so 
that it is approximately 50 to 80% of the maximum 
potential Vh, preferably so that it is 60 to 70% of the 
maximum potential Vh in a range of temperature at 
which the recording apparatus can be used, it is proved 
that a small dot is formed in an optimum state. 

In the meantime, when the intermediate potential 
Vc is set so that it is approximately 30 to 70% of the 
maximum potential Vh and is varied in a range of 40 to 
60% of the maximum potential Vh corresponding to the 
change of temperature if a large dot is formed, it is 
proved that a large dot can be formed in an optimum 
state. 

As the change of potential difference between the 
reference potential Vs and the intermediate potential Vc 
is smaller than the change of temperature if an ink drop- 
let the quantity of ink in which is small is ejected, the 
vibration of the meniscus is hydrodynamically promptly 
damped because the amplitude of the vibration of the 
meniscus when an ink droplet is ejected is small when a 
small dot is formed and there is no problem practically 
though a function for promptly returning the meniscus 
after an ink droplet is ejected particularly when temper- 
ature is low toward the nozzle aperture and a function 
for damping the vibration of the meniscus after an ink 
droplet is ejected when temperature is high are deterio- 
rated. 

In the above embodiment, quantity in which the 
meniscus is drawn in and force for damping the residual 
vibration of the meniscus after an ink droplet is ejected 
are controlled by controlling intermediate potential 
based upon potential difference between the intermedi- 
ate potential and reference potential and between max- 
imum potential and the intermediate potential, however, 
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even H intermediate potential is fixed as shown in Fig. 
12, an incline a when potential is lowered from the inter* 
mediate potential to reference potential and an incline p 
when the potential is lowered from maximum potential 
to the intermediate potential are controlled by adjusting 5 
the time constant of a trapezoidal pulse generating cir- 
cuit, the similar action is produced. 

That is, if ambient temperature is high, a signal with 
an incline a' has only to be applied to the piezoelectric 
vibrator 4 as the first signal, a signal with the incline p' 10 
has only to be applied as the third signal, if ambient tem- 
perature is low, a signal with the incline a has only to be 
applied as the first signal and a signal with an incline p' 
has only to be applied as the third signal. 

Further, in the above embodiment, the recording is 
head using the piezoelectric vibrator utilizing flexure as 
pressure generating member is described, however, 
even rf the above embodiment is applied to the driving of 2. 
a recording head in which ink in a common ink chamber 
32 is supplied to a pressure generating chamber 31 via 20 
an ink supply port 33 by expanding the pressure gener- 
ating chamber 31 by a piezoelectric vibrator 30 in a lon- 
gitudinal vibration mode displaced in the axial direction 
as shown in Fig. 13 and an ink droplet is ejected from a 
nozzle aperture 35 by contract ng the pressure g enerat- 25 
ing chamber 31 by the piezoelectric vibrator 30, it is 
clear that the similar action is produced. 

As described above, according to the present 
invention, as an ink jet recording head provided with a 
nozzle aperture, a pressure generating chamber com- 30 
municating with a common ink chamber and pressure 
generating member for expanding or contracting the 
pressure generating chamber and driving signal gener- 
ating member for generating a first signal for drawing a 
meniscus at the nozzle aperture in by smaller force as 35 
ambient temperature rises, a second signal for ejecting 
an ink droplet by contracting the pressure generating 
chamber and a third signal for restoring the contracted 
pressure generating chamber by larger drawing force as 
ambient temperature rises after an ink droplet is ejected 40 
are provided, speed at which tube meniscus moves 3. 
toward the nozzle aperture can be prevented from being 
decreased by setting force for drawing the meniscus 
before an ink droplet is ejected when temperature falls 
to a large value, the delay of filling the pressure gener- 45 
ating chamber with ink can be prevented by setting force 4. 
for drawing the meniscus after an ink droplet is ejected 
to a small value and damping the residual vibration of 
the meniscus utilizing attenuation by increasing the vis- 
cosity of ink and therefore, even a dot in particularly so 5. 
small size can be stably formed independent of ambient 
temperature. 



Claims 

1 . An ink jet recording apparatus, comprising: 

an ink jet recording head (18) provided with a 
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pressure generating chamber (2) communicat- 
ing with a nozzle aperture (9) and a common 
ink chamber (8) and pressure generating 
means (4) for expanding or contracting said 
pressure generating chamber (2); and 

driving signal generating means (20) for gener- 
ating a first signal for drawing a meniscus in 
said nozzle aperture (9) by small force as ambi- 
ent temperature rises, a second signal for 
ejecting an ink droplet by contracting said pres- 
sure generating chamber (2) and a third signal 
for restoring said contracted pressure generat- 
ing chamber (2) by large drawing force as 
ambient temperature rises after an ink droplet 
is ejected. 

An ink jet recording apparatus according to claim 1 , 
wherein: 

said driving signal generating means (20) gen- 
erates a first signal generated for lowering the 
potential from intermediate potential at which 
potential difference from reference potential 
varies depending upon ambient temperature to 
said reference potential for expanding said 
pressure generating chamber (2). a second 
signal generated for raising the potential from 
said reference potential to maximum potential 
for contracting said pressure generating cham- 
ber (2) and ejecting an ink droplet and a third 
signal generated for lowering the potential from 
said maximum potential to said intermediate 
potential after an ink droplet is ejected for 
restoring said contracted pressure generating 
chamber (2); and 

said intermediate potential is lowered as said 
ambient temperature rises. 

An ink jet recording apparatus according to claim 1 , 
wherein the rate of the change of said intermediate 
potential for temperature increases as dot size is 
enlarged. 

An ink jet recording apparatus according to claim 1 
or 2, wherein said rate of the change is 30 to 80% 
of said maximum potential. 

An ink jet recording apparatus according to claim 4, 
wherein said rate of the change is 30 to 70% for a 
dot in maximum size, and said intermediate poten- 
tial varies for temperature in a range of 50 to 80% 
for a minimum dot. 

An ink jet recording apparatus according to any one 
of claims 1 to 5, wherein said intermediate potential 
is higher as dot size is smaller. 
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An Inkjet recording apparatus according to claim 1 , 
wherein: 

said driving signal generating means (20) gen- 
erates a first signal generated for lowering the 5 
potential from fixed intermediate potential to 
said reference potential for expanding said 
pressure generating chamber (2), a second 
signal generated for raising the potential from 
said reference potential to maximum potential 10 
for contracting said pressure generating cham- 
ber (2) and ejecting an ink droplet and a third 
signal generated for lowering the potential from 
said maximum potential to said intermediate 
potential after an ink droplet is ejected for is 
restoring said contracted pressure generating 
chamber (2); and 

said first rate of the change of voltage lowers 
and the rate of the change of the voltage of said 20 
third signal rises as said ambient temperature 
rises. 



An ink jet recording apparatus according to any one 
of claims 1 to 7, wherein the size of said dot is 25 
selected by a signal. 
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